The genetic diversity of 74 Australian field isolates ofErysipelothrix rhusiopathiae and 22 reference strains for serovars of E. rhusiopathiae or Erysipelothrir tonsiUarum was examined by multilocus enzyme electrophoresis. Four serovar reference strains of E. tonsiUlarum (strains KS 20 A, Wittling, Lengyel-P, and Bano 107 for serovars 25, 3, 10, and 22, respectively) were genetically distinct from E. rhusiopathiae. However, the E. tonsiUarum reference strain for serovar 14 (Iszap-4) and the reference strain for serovar 13 (Pecs-56), which has been said to represent a new genomic species, were found to cluster with typical isolates and reference strains of E. rhusiopathiae. Our reference strain for serovar 7 (Rotzunge) was also genetically typical of E.
ability to ferment sucrose (14) . Subsequently, strains of serovars 3, 7, 10, 14, 20, 22 , and "23" were shown to exhibit more than 66% hybridization with the type strain of E. tonsillarum, but less than 27% homology with the type strain of E. rhusiopathiae (14) . These strains were therefore considered to be E. tonsillarum and not E. rhusiopathiae.
Strains of serovars 1, 2, 4 to 6, 8, 9, 11, 12, 15 to 17, 19 , and 21 and type N, however, showed more than 73% hybridization with the type strain of E. rhusiopathiae and less than 24% hybridization with the type strain of E. tonsillarum, confirming that they were E. rhusiopathiae (14) . Finally, the DNAs of strains of serovars 13 and 18 exhibited low levels of hybridization with the DNAs of type strains of both species, suggesting that they were members of a separate and new genomic species (14) . E. tonsillarum is considered to be nonpathogenic (14) , although recently, certain isolates of those serovars that are said to be characteristic of the species have been shown to be capable of inducing disease (3) .
In view of these important findings, we thought it timely both to examine the genetic structure of a large collection of Australian isolates of E. rhusiopathiae and to compare these with reference strains of serovars of E. rhusiopathiae and E. tonsillarum. Multilocus enzyme electrophoresis (MEE) was selected as an appropriate technique for the purpose of this analysis, because it is readily applicable to the study of population structures of large collections of bacteria (11) .
MATERIALS AND METHODS
Bacteria. The sources of the 96 field isolates and strains of E. rhusiopathiae and E. tonsillarum used in the study are summarized in Table 1 . These comprised 74 isolates from Australian animals or the environment and 22 reference strains of various serovars (3, (8) (9) (10) (17) (18) (19) 11  2a  15  16  8  4  6  23  21  lb  lb  la  la  2  2b  2  UT  6  lb  UT  21  21  la  7  17  13  19  2  lb  la  2b  12  2b  la  la  2b Fifty ETs were identified, with a mean genetic diversity per locus of 0.314, or 0.264 when the number of isolates in each ET was used in the calculations. The phenogram that was created from the data is shown in Fig. 1 . Two distinct genetic clusters were apparent; they were separated at a genetic distance of 0.629. Cluster A was made up of ETs 1 through 5, with one isolate in each ET. These were reference strains for serovars 24, 25, 3, 10, and 22, respectively, the last four of which have been described as being E. tonsillarum (14) . Cluster B included ETs 6 through 50 and had a mean genetic diversity per locus of 0.316, or 0.232 when the number of isolates in each ET was included in the calculation of diversity. The main loci responsible for the division of the isolates into two clusters were nucleoside phosphorylase, arginine phosphokinase, and adenylate kinase. The presence of allele 2 for the enzymes arginine phosphokinase and adenylate kinase and allele 3 for nucleoside phosphorylase was found only in the five strains in cluster A (E. tonsillarum).
Diversity according to animal species of origin. The sources of the bacteria used in the study are recorded in Table 1 DISCUSSION The study of a collection of bacteria resembling E. rhusiopathiae described here demonstrated that these include a distinct genetic group of five strains (cluster A) corresponding to the newly described species E. tonsillarum (13, 14) . Four of these five reference strains have previously been shown to be E. tonsillarum (14) . In that study, strain KS 20 A was identified as being serovar 23, although it is now more correctly considered to be serovar 25 (9) . The current study demonstrates that reference strain CJSF-14-2, for serovar 24 (18, 19) , clusters with these other four reference strains and is therefore also E. tonsillarum. Our study differs from that of Takahasi et al. (14) in finding that strains Iszap-4 and Pecs-56 are clustered with the main group of E. rhusiopathiae isolates (in ETs 14 and 33, respectively, in cluster B). Takahashi et al. (14) suggested that these two strains were E. tonsillarum and a representative of a new genomic species, respectively, but we consider them to be typical E. rhusiopathiae. These findings require confirmation with strains acquired from other sources.
Takahashi et al. (14) also implied that all isolates of serovars 3, 7, 10, 14, 20, 22 , and "23" (-25) were E. tonsillarum. However, we found the reference strain for serovar 14 (Iszap-4) in ET 14 and the reference strain for serovar 7 (Rotzunge) in ET 32, both in cluster B with typical E. rhusiopathiae isolates. Assuming that the strains in our collection were correctly identified and typed, the results presented above indicate that serotyping cannot be relied upon to identify isolates as E. tonsillarum.
All of the Australian isolates belonged to the species E. rhusiopathiae (cluster B). The diversity of the species (0.316, or 0.232 when the number of isolates was considered) was very similar to that previously found in our laboratory for Actinobacillus pleuropneumoniae (5) . The diversity of those isolates recovered from sheep was very similar to that of the isolates recovered from birds, but both groups of isolates were more diverse than those recovered from pigs. The low level of diversity of the porcine isolates was in part a reflection of the fact that 50% of these isolates belonged to one ET. In addition, the porcine isolates were all only of serovar 1 or 2, unlike those from the other animal species, and therefore might be expected to be less diverse than those isolates. This explanation was probably correct, since when only serovars 1 and 2 were considered for the different animal groups, diversities for the remaining seven ovine and six avian isolates were reduced to 0.178 and 0.193, respectively. These figures were more similar to that calculated for the porcine isolates (0.132). Nevertheless, overall, the porcine isolates in the collection were less diverse than those recovered from the other species of Australian animals.
For the whole collection, isolates of serovar 2 were less diverse than those of serovar 1. Some of the ETs contained isolates that were recovered from different animal species, and in the case of ETs 7, 26, and 41, some of these isolates from different species were also of the same serovar. This provided indirect evidence that E. rhusiopathiae may be transmitted between animal species in nature. ET 41 contained 25 of the 91 isolates of E. rhusiopathiae (27.5%), including 20 porcine isolates and one ovine isolate from New South Wales, one from a Western Australian emu, one from a Tasmanian turkey, and the overseas reference strains for serovars la and 2b. This clonal group of isolates is therefore common and widely disseminated. Both it and other ETs contained isolates from a variety of different animal tissues and from animals with different clinical manifestations of erysipelas, thus suggesting that given isolates are unlikely to have specific tissue tropism. Only three of the Australian isolates (in ETs 22, 26, and 46) were from healthy animals. It would have been useful to determine the virulences of these isolates by experimental inoculation of animals, but this was not done. The reference strains for serovars 3, 7, 12, 14, and 17, however, have been shown to lack virulence (3). These strains were located throughout the phenogram, as were the virulent clinical isolates. Virulence in E. rhusiopathiae therefore does not reside in only a few specific clones of the bacteria.
